OFDM system divides a wideband transmission bandwidth into several overlapped narrowband subcarriers to avoid the serious frequency selective fading problem. However, if Timing Offset (TO) and Carrier Frequency Offset (CFO) exist between the Transmitter (Tx) and Receiver (Rx), OFDM system will suffer the Inter-Symbol Interference (ISI) and Inter-Carrier Interference (ICI) that degrade the system performance dramatically. In this paper, we propose a simple modification of the S&C method. We adopt the overlap concept to reduce the plateau problem. Simulation results show that with this simple modification, it can improve the timing synchronization performance of the S&C method greatly.
Introduction
Orthogonal Frequency Division Multiplexing (OFDM) has been widely adopted in the current wireless communication systems, such as IEEE802.11a/g, and Long Term Evolution (LTE). However, if Timing Offset (TO) and Carrier Frequency Offset (CFO) exist between the Transmitter (Tx) and Receiver (Rx), OFDM system will suffer the Inter-Symbol Interference (ISI) and Inter-Carrier Interference (ICI) that degrade the system performance dramatically. To correctly decode the received signals, an OFDM system has to establish the timing and frequency synchronization [1, 2, 3, 4, 5] firstly to avoid the Bit Error Rate (BER) degradation.
The S&C method [1] is a well-known data-aided synchronization method that uses the PN (pseudo-noise) sequence in the frequency domain to generate preamble with a specific repetitive waveform. Nevertheless, S&C method has the serious plateau problem that causes the Rx can not predict the arrival time precisely. Many methods have been proposed to reduce the plateau problem. H. Minn [4] provides a four-repetition preamble to have a sharp timing metric for the timing synchronization. However, if the length of the inserted Cyclic Prefix (CP) equals to N/4, N is the number of subcarriers, its performance is poor. In [2] , an extra scramble sequence is added in the repetitive part of the S&C preamble to avoid the plateau. Nevertheless, it has the drawback of increasing the complexity of signal processing.
In this paper, we propose a simple modification of the S&C method. We adopt the overlap concept to reduce the plateau problem. Any form of preamble contains a multiple-repetition structure can conduct the proposed method easily. This paper is organized as follows. In Section II, the S&C method and the proposed Overlap S&C method will be described in detail. Simulation results of these methods are compared in Section III. Finally, some conclusions for this paper are given in Section IV.
Method descriptions
The time-domain preamble of the S&C method [1] x(n) contains two-repetition waveform and can be expressed as
The preamble can be generated via inserting PN sequences at the odd subcarriers and zeros at the even ones. After performing the Inverse Fast Fourier Transform (IFFT), the resulted time-domain waveform contains two repetitions to execute the timing and frequency synchronization. Let the received signal r(n) of the preamble under a Additive White Gaussian Noise (AWGN) channel can be expressed as r(n) = x(n − θ)e j2πnε/N + w(n), n = 0, 1, . . . , N − 1
where θ and ε are the propagation delay and the normalized frequency offset to be determined. w(n) is the AWGN.
In principle, S&C method conducts the cross correlation between intervals with N/2 separation of the received signal. Due to the inherit repetitive property of the S&C preamble, the timing metric M S&C (d) defined in Eq. (3) will have peaks for the corresponding arrival times.
is the cross correlation of intervals of the received signal with N/2 separation, R(d) is the energy for normalization. After calculating the timing metric, the estimated propagation time can be determined aŝ
A serious problem of the S&C method is that the calculated timing metric contains the plateau. Moreover, the width of the plateau is L +1 where L is the length of the CP. Thereafter, the estimated propagation time is determined by the average of the 90% of the maximum timing metric. In this paper, a simple modification for the timing metric is proposed to eliminate the plateau problem for the S&C. Let the P (d) and the R(d) be modified as:
is the cross correlation of interval I and I' with L-overlapped region in Fig. 1 . That is, the proposed modification simply rearranges the estimated timing window in an overlap manner. With this arrangement, the timing metric defined in Eq. (3) has the peak for timing synchronization and can avoid the plateau problem for the conventional S&C method. In this paper, we define the proposed method as the Overlap S&C method.
Computer simulations
To verify the proposed method, we use an QPSK modulated OFDM signal under the AWGN channel for simulation. The number of subcarriers is 256 and the length of the inserted CP is 32. Delay time is given as 32 time Whereθ is the estimated arrival time while θ is the actual arrival time. Fig. 2 is the calculation of timing metric for the S&C and the propsed Overlap S&C method with 20 dB Signal-to-Noise Ratio (SNR = 20 dB). Results show that the overlap modification can avoid the plateau problem and has a sharp peak for the synchronization at the Rx. Fig. 3 is the corresponding results for different SNR scenarions. The performance of the S&C method is poor even if we increase the received SNR. However, with this simple overlap modification, the proposed method can improve the timing synchronization performance greatly.
Conclusion
In this paper, we propose a simple modification of the S&C method. We adopt the overlap concept to reduce the plateau problem. Any form of preamble contains a multiple-repetition structure can conduct the proposed method easily. Simulation results show that with this simple modification, the proposed method can effectively reduce the plateau problem and has a 
